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Following Pareek a topological space X is called D-paracompact if for every open cover d of 
X there exists a continuous mapping ,f from X onto a developable T,-space Y and an open 
cover %I of Y such that {f-‘[BJI BE 93) refines d. It is shown that a space is D-paracompact if 
and only if it is subparacompact and D-expandable. Moreover, it is proved that D-paracompact- 
ness coincides with a covering property, called dissectability, which was introduced by the author 
in order to obtain a base characterization of developable spaces. 
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D-expandable space kernel-normal open cover developable space 
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1. Introduction 
If ~2 is an open cover of a topological space X, a continuous mapping f from X 
onto a topological space Y is called an d-mapping if there exists an open cover 
LB of Y such that {f-‘[B]] BE 33) refines &. By a well-known theorem of Dowker 
[13], a Hausdorff space X is paracompact if and only if for every open cover L&’ of 
X there exists an d-mapping onto a metrizable space Y. Since developable spaces 
[2] form one of the most useful generalizations of metrizable spaces, it is quite 
natural to ask for internal characterizations of those topological spaces which admit 
an d-mapping onto a developable T,-space for every open cover &. A first charac- 
terization of this kind was given by Pareek [22], who called the resulting spaces 
D-paracompact’. In this paper we continue the investigation of D-paracompact 
spaces. Our main result shows that D-paracompactness coincides with a covering 
property, called dissectability, which was introduced in [4] in order to prove a base 
characterization of developable spaces similar to the Nagata-Smirnov metrization 
theorem. Moreover, we introduce D-expandable spaces and prove that a topological 
space is D-paracompact if and only if it is subparacompact [7] and D-expandable. 
’ We prefer this notation instead of Pareek’s ‘d-paracompact’. 
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In Section 4 we apply our new characterizations to obtain some results concerning 
subspaces of D-paracompact spaces. Finally, in Section 5, we show by a counter- 
example that one of the main theorems in Pareek’s paper [22] is false. This leads 
to an interesting problem concerning D-paracompactness which remains open. 
2. Preliminaries 
Throughout this paper no separation axioms are assumed unless explicitly stated. 
If X is a set, then 9’(X) is the set of all subsets of X and [Xl”’ denotes the set of 
all subsets of X of cardinality m. For a collection p of covers of X and AC X, 
int, A is the set of all points x E A such that St(x, 93) c A for some 93 E p, where 
St(x,!33)=lJ{BEL!Z] x E B}. The collection p is called kernel-normal [5] if for each 
93 E p there exists a 3’~ p which refines int, 9~’ = {int, B] B E 933). If X is a topological 
space, an open cover LZZ of X is called kernel-normal if it is a member of a 
kernel-normal sequence of open covers of X. Recall that X is called developable 
[2] if it has a development, i.e., a sequence (%!L,,),,~ of open covers of X such that 
{St(x, a,) 1 n E N} is a neighborhood base for each x E X. In the proof of our main 
theorem we will use the following facts from [5]. 
Proposition 1. An open cover (A( i))i,l of a topological space (X, T) is kernel-normal 
if and only if there exists a developable topology T’C T and a r’-open cover (B( i))i, I 
of X such that B(i) c A(i) for each i E I. 
Proposition 2. Iffor each open cover ti of a topological space X there exists a sequence 
P = (&)n& of open covers of X containing an ti,, which refines int,, &, then every 
open cover of X is kernel-normal. 
For a collection & of subsets of a topological space X and a point x E X, ord(x, &) 
denotes the cardinality of the set {A E ~2 x E A}. Following Smith [24] an open cover 
d of X is called a weak &over if & = UnEN &, such that 
(a) for each x E X there exists an n(x) EN such that 0 < ord(x, ti,,,,) <co; 
(b) (I._{AI A E LzI,,}),,~~ is point-finite. 
The space X is said to be weakly &refinable if every open cover of X has a refinement 
which is a weak e-cover of X. Moreover, a topological space is subparacompact [7] 
if every open cover has a a-discrete closed refinement. It is known that every 
subparacompact space is e-refinable (= submetacompact) [8], and that every f?- 
refinable space is weakly g-refinable [24]. 
In [4] a topological space X is called dissectable if every open cover of X has 
an open refinement which is dissectable, where a collection .c& = (A(i)) ic, of subsets 
of X is called dissectable in X if there exists a dissection of L&‘, i.e. a function D 
from I XN into p(X) satisfying 
(D.l) A(i)=U{D(i,n)]nEN} for each iE1; 
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(D.2) {D(i,n)li~Z} is a closure-preserving collection of closed sets for each 
nEN; 
(D.3) for each n E N and for each x E u{D(i, n)li E Z} the set n{A( i) 1 i E Z, x E 
D(i, n)} is a neighborhood of x.’ 
The utility of this concept is demonstrated by the fact that a topological space is 
developable if and only if it has a cT-dissectable open base, i.e. a base which is a 
countable union of dissectable collections of open subsets [4, Theorem 2.41. 
3. Main theorem 
In order to formulate our main theorem we need to introduce one more concept. 
Let us call a topological space X D-expandable if for every discrete collection 
(F(i)),,, of closed subsets of X and for every collection ( V( i))iG, of open subsets 
of X such that F(i) c V(i) for each i E Z and F(i) n V(j) = 0 whenever i, j E Z and 
i #j there exists a dissectable collection ( U( i))i,, of open subsets of X such that 
F(i)c U(i)c V(i) for each iE I. 
Theorem 1. The following conditions are equivalent for a topological space X = (X, 7): 
(i) X is D-paracompact. 
(ii) For every open cover (A(i)),,, of X there exists a dissectable open cover 
(B( i))i,, ofX such that B(i) c A(i) for each i E I. 
(iii) X is subparacompact and D-expandable. 
(iv) X is 8-re$nable and D-expandable. 
(v) X is weakly &refinable and D-expandable. 
(vi) Every open cover of X has a a-dissectable open refinement. 
(vii) Every open cover of X is kernel-normal. 
Proof. (i) implies (ii). Let d = (A(i)),,, be an open cover of X. Since X is D- 
paracompact, there exists an d-mapping f from X onto a developable T,-space Y. 
Consequently, there exists a developable topology 7’~ 7 and a T’-open cover 
9 = (B( i))i,, of X such that B(i) c A(i) for each i E I. By virtue of [4, Theorem 
2.31, 5% is dissectable in (X, T’), hence also in (X, 7). 
(ii) implies (iii). We will first show that X is subparacompact. To this end let 
ti = (A(i))i,, be an open cover of X. By (ii) we may assume that there exists a 
dissection D of .& If 9,, = { D(i, n) 1 i E Z} for each n EN, then 9 = lJnEN 9,, is a 
cT-closure preserving closed refinement of d which proves the subparacompactness 
of x [7]. 
In order to prove that X is D-expandable consider a discrete collection (F( i))i,, 
of closed subsets of X and a family 7f= (V(i)),,, of open subsets of X satisfying 
F(i) c V(i) for each i E Z and F(i) n V(j) = 0 whenever i,j E Z and i # j. Then 
’ It is easily seen that these conditions are equivalent to those stated in [4] 
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~u{X\U{~(~)li~~~~ is an open cover of X. By virtue of (ii) there exists an open 
cover ( U( i))i,, u {U} of X such that ( U(i)),,, is dissectable, U c X\lJ{F( i) 1 i E Z}, 
and Z_J( i) c V(i) for each i E I. Since F(i) c U(i) for each i E Z, it follows that X is 
D-expandable. 
That (iii) implies (iv), and that (iv) implies (v) is clear from the discussion in 
Section 2. 
(v) implies (vi). Let ti = (A(i))i,, be an open cover of X. By (v) we may assume 
that Op is a weak &-cover, i.e. that Z = lJ{Z( n) 1 n EN} such that 
(a) for each x E X there exists an n(x) E N such that 0 < ord(X, &,(,)) <co, where 
&,={A(i)li~Z(n)} for each ncN; 
(b) d* = (A(n)) nEN is point-finite, where A(n) = IJ{A( i) 1 i E Z(n)} for each n EN. 
Claim: For each pair (m, k) E N x N there exists a u-dissectable collection % (m, k) 
of open subsets of X such that the following conditions are satisfied: 
(c) every U E %( m, k) is contained in some A(i); 
(d) if ord(x, &‘*) = m and ord(x, ti,,) = k for some nEhJ, then XE 
U{UE Q(m’, k’)i( m’, k’) G (m, k)}, where (m’, k’) G (m, k) if either m’ < m or m’ = m 
and k’s k. 
Note that once the claim is proved it follows from (a)-(d) that 4Q = 
U{a(m, k)l(m, k)EhJxhJ]. 1s a cT-dissectable open refinement of d. 
In order to verify the claim we proceed by induction. 
Assume that m = 1 and k = 1. For each r E N and for each j E Z(r) define 
E(l, 1, r,j) =f? {X\A(Q iE Z(r)\{j]]nn {X\A(n)l n EN\(~)]. 
Clearly then, E(1, 1, r, j) c A(j) f or each j~Z(r) and A(i)nE(l,l,r,j)=O 
whenever i~Z(r) and i#j. Since it is easily seen that 8(1, 1, r)=(E(l, 1, r,j))jtr(,) 
is discrete, it follows from (v) that for each r E N there exists a dissectable collection 
Q(l, 1, r) = (ZJ(l, 1, ~,j))jcI(r) of open subsets of X such that E( 1, 1, r, j) c 
U(l,l,r,j)cA(j)foreachj~Z(r). If %(l,l)=U{021(1,1,r)Ir~N},then %(l,l) 
satisfies conditions (c) and (d). 
Now let (1, 1) < (m, k) and assume that for each (m’, k’) < (m, k) a a-dissectable 
collection Oll(m’, k’) of open subsets of X satisfying (c) and (d) is already defined. 
For each ZV E [N]“‘, rE N, and J~[l(r)]~ define 
E(m,k,N,r,J)=n{X\A(l’)liEZ(r)\J}nr){X\A(n)InEN\N} 
nn{X\Ul UE Q(m’, k’), (m’, k’)<(m, k)}. 
We claim that every g( m, k, N, r) = (E(m, k, N, r, J))JEcIc,JIk is discrete. In fact, if 
for a point x E X ord(x, a*) =: m(x) > m, then n {A(n) I n EN, x E A(n)} is a neigh- 
borhood of x which meets no member of %‘(m, k, N, r). If m(x) < m or m(x) = m 
and ord(x, a,) < k, then by the induction hypothesis U {U E %( m’, k’) I (m’, k’) < 
(m, k)} is a neighborhood of x which meets no member of E(m, k, N, r). If 
ord(x, tir) > k, then there exist k+ 1 sets in d, containing x. Their intersection is a 
neighborhood of x which has an empty intersection with every member of 
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g(m, k, N, r). Finally, if ord(x, a*) = m and ord(x, &) = k, define N(x) = 
{~EN(xxA(~)} and J(x)={i~Z(r)lx~A(i)}. Then n{A(i)liEJ(x)} is a neigh- 
borhood of x which meets at most one member of ‘Z(m, k, N, r), namely 
E(m, k, N(x), r, J(x)) in case that N = N(x). 
Since E(m, k, N, r,J)cn{A(i)lieJ} and n{A(i)lid}nE(m,k, N,r,J)=0 
whenever J’ E [I( r)]” and J’ # J, it follows from (v) that for each NE [Nlm and 
for each r E N there exists a dissectable collection “U(m, k, N, r) = 
(U(m, k, N, r, J))le[~~r)y such that 
E(m, k, N, r,J)c U(m, k, N, r,J)cr){A(i)liEJ}. 
If’%(m,k)=lJ{Oll(m,k,N,r)~N~[~]m, rE N}, then %(m, k) satisfies (c) and (d), 
which completes the induction. 
(vi) implies (vii). Let &’ be an open cover of X. Assuming (vi), there exists an 
open refinement 93 = lJnErm 93,, of d such that every 93,, = (B( n, i))i, ,(,,) is dissectable. 
For each pair (n, k) E N x N define a collection &(n, k) of open subsets of X as 
follows. Let D,,: I(n) x N+ P(X) be a dissection of 93”. If x E T(D,, k) = 
IJ { D,( i, k) 1 i E I(n)}, then there exists an open neighborhood U(x, n, k) of x 
such that V(x,n,k)cn{B(n,i)li~l(n), x~D,(i,k)} and U(x,n,k)c 
n{X\o,(i,k)IiEI(n),x~D,(i,k)}. Set U(B, n, k) = B A (X\ T( Dn, k)) for each 
B E 93 and define &( n, k) = { U(x, n, k) ( x E T( II,, k)} u { U( B, n, k) 1 B E 933). Clearly, 
every d(n, k) is an open cover of X which refines 93. 
Claim: If P = (J2P(n, k))hkjthN, then intp B = B for each BE 93. 
Note that once the claim is proved it follows that every s9(n, k) refines inta 4 
hence ~4 is kernel-normal by virtue of Proposition 2. 
In order to verify the claim consider an arbitrary BE 93. There exists an n E fU 
such that B = B( n, i) E 93. Since it suffices to show that B( n, i) c int, B( n, i), consider 
an arbitrary point x E B(n, i). By the property (D.l) of the dissection D, there exists 
a k E N such that x E D,( i, k) c T(D,, k). The claim is proved as soon as we have 
shown that St(x, d(n, k)) c B. 
From the definition of &(n, k) it is clear that 
St(x, a(n, k)) = U { U(Y, n, k) 1 y E U& k), x E u(y, n, k)J 
so that it suffices to show that U(y, n, k) c B(n, i) whenever y E T(D,, k) and 
x E U(y, n, k). Now, if y E T( D,, k) and x E U(y, n, k), then {j E I(n) Ix E D,(j, k)} c 
{jE I(n) R(j, k)), f or otherwise there would exist a jot Z(n) such that x E 
R(jO, k) but Y g D,(_&, k), i.e. 
x E U {Q,(_A k) b E I(n), Y E Q,(j, k)I c X\ U(Y, n, k), 
contradicting the fact that x E U(y, n, k). It follows that 
U(Y, n, k)cn{B(n,j)liEZ(n),yE R(j, n)I 
cn(B(n,j)ijEl(n),xED,(j,k)}cB(n,i), 
which completes the argument. 
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(vii) implies (i). Using Proposition 1, (vii) implies that for a given open cover & 
of X there exists a developable topology T’= r and a r’-open cover 93 of X which 
refines &. If Y is the space obtained from (X, 7’) by identifying all points which 
have identical closures, then Y is a developable T,-space [26] and the natural 
quotient mapping defines an &-mapping from (X, 7) onto Y Consequently X = 
(X, T) is D-paracompact, which completes the proof. cl 
Clearly, every developable space and every paracompact Hausdorff space is 
D-paracompact. More generally, since every normal open cover in the sense of 
Tukey [25] is kernel-normal, it follows from Theorem l(vii) that every fully normal 
space [25, p. 531 is D-paracompact. Given a pair A, B of disjoint closed subsets of 
a D-paracompact space one can easily find disjoint closed G&-sets F, G such that 
A = F and B c G. Hence every D-paracompact space is D-normal (see [5, 6, 151 
for recent results on D-normal spaces). In [ 161 Heldermann has called a topological 
space D-regular if it has a base consisting of open F,-sets. Since every countable 
cover of open F,-sets is a-dissectable, Theorem l(vi) yields the following corollary, 
which was first proved in [3]. 
Corollary 1. Every D-regular Lindeliif space is D-paracompact. 
It was known for some time that every metacompact space which is perfect (i.e., 
every closed subset is a G,-set) is subparacompact [17, Theorem 11. Quite recently 
Chaber has proved that, in fact, such a space is already D-paracompact [ 1 I]. We 
will now show how Chaber’s theorem can be derived from Theorem 1. 
Corollary 2 ([ll]). Every metacompact space which is perfect is D-paracompact. 
Proof. Let X be a metacompact space which is perfect and consider a point-finite 
open cover J& = (A(i)),,, of X. By virtue of Theorem 1 it suffices to show that .z& 
is dissectable. Since X(n) = {x E XI ord(x, &) 2 n} is open, there exists for each 
n EN a sequence (X(n, k))kCN of closed subsets of X such that X(n) = 
U{X(n,k)IkN. Let ti(n, k)=Au{X\X(n, k)} and B(x, n, k) = 
n {X\AI A E a(~, k), x E X\A}. If m++(n(m), k(m)) is a bijection from N onto 
NXNand D(i,m)=U{B(x,n(m),k(m))l xEA(i)nX(n(m), k(m)), ord(x, sP)= 
n(m)} for each pair (i, m) E I x N, then it is easily seen that (i, m) H D( i, m) defines 
a dissection D: I x N+ P(X) of & in X. q 
Concerning the relationships between metacompactness and D-paracompactness 
in normal T,-spaces Pareek has asked whether every normal D-paracompact space 
is metacompact, and whether every metacompact normal T, -space is D-paracompact 
[22, Problems 6.2 and 6.31. Both questions have negative answers. In fact, Bing’s 
example F [2] can easily be seen to be a counterexample to the first question, while 
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in [lo] Burke has given an example of a metacompact normal T,-space which is 
not even subparacompact. 
In view of Corollary 2 one might wonder whether every subparacompact space 
which is perfect is necessarily D-paracompact. However, this possibility is ruled 
out by the following example. 
Example 1. A completely regular, perfect (hence D-normal [4]), subparacompact 
space which is not D-paracompact. Let S be the Sorgenfrey line, i.e. the reals 
supplied with the topology generated by all half-open intervals [x,, x,), x,<x,. It 
is known that S x S is perfect [14] and subparacompact [20]. Originally S was 
introduced as the first example of a paracompact Hausdorff space whose square is 
not paracompact. We will now show that S x S is not even D-paracompact. 
To this end let A(x)=[x,x+l)x[-x,-x+1) for each x~[w and A= 
R’\{(x, -x) 1 x E R}. Then JZZ = {A(x) / x E R} u {A} is an open cover of S x S. Suppose 
that S x S is D-paracompact. Then there exists an d-mapping f: S x S + Y onto a 
developable T,-space Y. Let (3,,)niN be a development of Y and define A, = 
{f-‘[ B] 1 B E %,,}.M oreover set /3 = (&n)niN and H={(x,y)~R~\(x,y)~int~A(x)}. 
Claim: H is of the second category with respect to the Euclidean topology of R2. 
For suppose that H is of the first category in R2. Then, by a theorem of Kuratowski 
and Ulam (e.g. see [19, p. 2471) there exists an X”E R such that H(x,,) = 
{y E R ( (x0, y) E H} is of the first category in R. Since f is an d-mapping, (x0, -x0) E 
int,, A(x,). Hence there exists an r > 0 such that [x,,, x0+ r) x [-x0, -x0+ r) is con- 
tained in int,, A(x,), for int, A(x,,) is open in S x S. It follows that [-x,, -x,+ r) is 
a subset of H(x,) which is of the second category in R. However, since every subset 
of H(x,J must be of the first category in R, we arrive at a contradiction which proves 
the claim. 
Now H =U{H,I n EN}, where H, = {(x, y) E HI St((x, y), &) c A(x)} for each 
n EN. Hence there exists an n EN, a point (x, y) E[W~, and an E > 0 such that 
(x - E, x + F) X (y - E, y + E) is contained in the Euclidean closure of H,,. Moreover, 
there exists a point (u, v) E H,, and a 6 > 0 such that 
If (s,~)E(u,u+~)x(v,~,+~)~H,, then St((s, t), d,,) c A(s). Since (u, v) E 
St((s, t), dti), it follows that (u, u) E A(s), in particular that s s u, contradicting the 
fact that u < s. Hence S x S cannot be D-paracompact. 
4. Some properties of D-paracompact spaces 
Arbitrary subspaces of D-paracompact spaces need not be D-paracompact. In 
fact, if wi (respectively o) denotes the first uncountable (respectively infinite) 
ordinal, then (w, + 1) x(o+ l)\{(w,, w)} is a subspace (the so-called Tychonoff 
plank) of the compact Hausdorff space (w, + 1) x (w + 1) which is not even D-normal, 
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hence not D-paracompact. However, we will now show that normally situated 
subspaces of D-paracompact spaces are always D-paracompact. 
Recall that a subset S of a topological space X is normally situated in X if for 
every open subset U of X containing S there exists an open subset 0 of X such 
that S = 0 c U and 0 = U {O(j) 1 j E J}, where (O(j)),,, is a family, locally finite 
in 0, of open F,-sets of X. In [23] it is shown that normally situated subspaces of 
paracompact Hausdorff spaces are paracompact. 
Proposition 3. Every normally situated subspace of a D-paracompact space is D- 
paracompact. 
The proof of Proposition 3 is based on the following three lemmas. 
Lemma 1. If A is an open F,-subspace of a topological space X, then every collection 
of subsets of A which is dissectable in A is also dissectable in X. 
Proof. Let ti = (A( i))i,, be a collection of subsets of A and let D: Z x N-+ P(A) 
be a dissection of ti in A. There exists a sequence (A(n))nEN of closed subsets of 
X such that A = U{A( n) 1 n E N}. Let m ++ (k( m), n(m)) be a bijection from N onto 
N X N. Using the fact that A is open in X it can be easily verified that if E(i, m) = 
D(i, k(m))nA(n(m)), then (i, m) wE(i,m) defines a dissection E:ZxN+P(X) 
of ti in X. 0 
Lemma 2. Zf (0( j))jE, is a locally finite open F,-cover of a topological space X (i.e., 
every O(j) is an open F,-set in X) such that O(j) is D-paracompact for each j E J, 
then X is D-paracompact. 
Proof. Let & = (A(i))IEI be an open cover of X. Since O(j) is D-paracompact, 
there exists for each j E J an open cover Bj = (B(j, i)),,, of O(j) satisfying B( j, i) c 
O(j) n A(i) for each ie Z, which is dissectable in O(j) (Theorem l(ii)). By virtue 
of the preceding lemma, every 6Bj is dissectable in X. Let 0,: Z x N + P(X) be a 
dissection of Bj in X. Moreover, define D: (J x I) x N + 9(X) by D((j, i), n) = 
D,( i, n). Using the local finiteness of (O(j)),iJ it is easy to verify that D is a 
dissection of 6% = (B( j, i))C,,i)tJxl. Since 55’ is a refinement of &, it follows that X 
is D-paracompact. q 
Lemma 3. Every F,-subset of a D-paracompact space is D-paracompact. 
Proof. Let A be an F,-subset of a D-paracompact space X and consider an open 
cover A = (A(i)),,, of A. For each i E Z there exists an open subset U(i) of X such 
that Z_J( i) n A = A(i). Moreover, there exists a sequence (An)ntN of closed subsets 
of X such that A = U {A,] n E N}. By virtue of Theorem 1 (ii), for each n E N the 
open cover {U(i) 1 i E Z} u {X\A,} of X h as an open refinement Q,, such that every 
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subcollection of 011, is dissectable. If 6%” = { U n A 1 U E U,, U n A,, # 0) and %I = 
IJntN 9I,,, then 93 is a cr-dissectable open refinement of d. Hence it follows from 
Theorem l(vi) that A is D-paracompact. U 
Proof of Proposition 3. Let S be a normally situated subspace of a D-paracompact 
space X and let (A(i)),, , be an open cover of S. For each i E I there exists an open 
subset U(i) of X such that U(i) n S = A(i). Moreover, there exists an open set 0 
such that SC OcU { U(i)1 in I} and O=U {O(j)1 jEJ}, where (O(j))j,J is a 
family, locally finite in 0, of open F,,-sets of X. By virtue of Lemma 2 and Lemma 
3,0 is S-paracompact. Now (U(i) n O)i,, is an open cover of 0 so that by Theorem 
l(ii) there exists a dissectable open cover (B(i))i,r of 0 such that B(i) c U(i) n 0 
for each i E I. Then (B(i) n S)i,, is a dissectable open cover of S such that B(i) n 
S c A(i) for each i E I, which proves that S is D-paracompact. 0 
Arbitrary coproducts of II-paracompact spaces are D-paracompact. This fact is 
an immediate consequence of Lemma 2. On the other hand, even the product of 
two paracompact Hausdorff spaces need not be D-paracompact (see Example 1). 
In fact, in general it is neither subparacompact [l] nor D-normal [5]. Clearly, 
quotients of D-paracompact spaces need not be D-paracompact, for every topologi- 
cal space is a quotient of a paracompact Hausdorff space [18]. Recently, Chaber 
has shown that if f: X + Y is a perfect mapping and Y is D-paracompact, then X 
need not be D-paracompact, even if it is D-normal [12]. We conclude this section 
by mentioning one of the most interesting open problems in this context: 
Question 1. Is the perfect image of a D-paracompact space also D-paracompact? 
5. A counterexample and a problem 
A topological space Y is semi-metrizable, if there exists a distance function 
d:Y~Y~[Wsuchthatd(x,~)~O,d(x,y)=Oifandonlyifx=y,d(x,y)=d(y,x) 
for all x, y E Y, and cl A = {y E YI d(y, A) = 0} for each A c Y, where d(y, A) = 
inf{ d (y, a) 1 a E A}. Let us call a topological space X S-paracompact if for every open 
cover ti of X there exists an d-mapping onto a semi-metrizable space Y. Since 
every developable T,-space is semi-metrizable, every D-paracompact space is S- 
paracompact. In [22, Theorem 2.41 Pareek has claimed that the following property 
(denoted (*)) of a T,-space X characterizes S-paracompactness: 
For every open cover Op of X there exists a sequence (&,,,),,,*,, of open covers 
of X satisfying the following conditions: 
(i) s4 = .& and &,,+, refines &,, for each m 2 0; 
(ii) for each x E X there exists an m(x) 20 such that ord(x, a,) = 1 for each 
rn3 m(x); 
(iii) f-7 {Wx, -cP,) I n 2 0} is closed for each x E X. 
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However, as Mack has already pointed out in his review of [22], this characteriz- 
ation is of doubtful validity because its proof is supported by dubious lemmas [21]. 
In fact, we will now show that a certain space X considered by Burke for another 
purpose [9] satisfies (*) without being S-paracompact. 
Example 2. The underlying set of X is w, Xw. The topology of X is defined by 
specifying a basic system of neighborhoods for each point ((Y, n) E w, x w as follows. 
If (Y > 0 and n > 0, then (a, n) is isolated. Additionally the point (0,O) is isolated. 
For each n >O let H, = {((Y, n)lO< (Y < w,}, and for each (Y > 0 define V, = 
{(a, n) 10 < n < co}. Basic neighborhoods of a point (0, n), n > 0, are of the form 
U(0, n, E) = ((0, n)} u (H,\E), where E is a finite subset of H,. A basic neighbor- 
hood of a point ((Y, 0), (Y > 0, is of the form U((Y, 0, F) = {((Y, 0)) u ( V,\F), where 
F is a finite subset of V,. The resulting space X is locally compact and Hausdorff. 
In order to show that X satisfies (*) consider an open cover ti of X. Without 
loss of generality we may assume that & is of the form 
~={(O,O)}u{{(a,n)}~O<cu<w,,O<n<o} 
u {TJ(O, n, &)I0 <n<W}u{U((Y,O,F,)~O<LY<W~}, 
where E, c H, and F, c V, are finite. Now if 
for each m 3 1 and do= &, then it is easily verified that (&,,),,,, satisfies the 
conditions (i)-(iii) of (*). 
To prove that X is not S-paracompact note first that every S-paracompact is 
D-normal, i.e. for each pair A, B of disjoint closed subsets of an S-paracompact 
space there exist disjoint closed G,-sets F, G such that A c F and B c G. Hence it 
suffices to show that X is not D-normal. To this end consider the disjoint closed 
subsets A = ((0, n) IO < n < w} and B = {(a, 0) IO < (Y < w,} of X. Suppose that there 
exists a closed G,-set F in X such that A= F and Fn B = 61. Then F = 
n {F(k) IO < k < w}, where every F(k) is open in X. For each n > 0, k > 0 there 
exists a finite subset E( n, k) of H,, such that U(0, n, E (n, k)) c F(k). If (Y (n, k) = 
max{al(cY, rr)~ E(n, k)} and a,=sup{a(n, k)In>O, k>O}, then cr,+l<wl. Since 
every neighborhood of (a,+ 1,0) intersects F, it follows that (a,+ 1,O) is contained 
in cl F = F, contradicting the fact that F n B = 0. Consequently, X cannot be D- 
normal. 
In view of the preceding example it remains an open problem to find internal 
characterizations of S-paracompact spaces. We conjecture that every S-paracompact 
space is D-paracompact, i.e. that the two notions coincide. This would be the case 
if the following question could be answered affirmatively: 
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Question 2. Is every semi-metrizable space D-paracompact? 
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